To investigate the mechanism of the resistance to cisplatin (CDDP), we established the CDDP-resistant cell line, KB-R, from CDDP-sensitive oral carcinoma cell line, KB. The 3-(3, 4-dimethyl-thiazol-2-yl) 2, 5-diphenyltetrazolium bromide (MTT) assay indicated that KB-R is 5.5-fold more resistant to CDDP than KB. Microarray analysis indicated that the expression levels of 1,718 genes were elevated at least fivefold or more in KB-R, compared with KB. The expression status of ATP binding cassette (ABC) transporter genes, which belong to multi-drug resistance genes, was confirmed by semiquantitative reverse transcriptase-polymerase chain reaction and real-time PCR. MRP1 and MRP2 were up-regulated, whereas MDR1 was down-regulated. Pathway and ontology analysis using the Ingenuity Pathway Analysis tool indicated three highly significant genetic networks including 105 of the 1,718 overexpressed genes and one network including 35 'cell-to-cell signaling and interaction' related genes. Our results suggested that these cell lines, KB and KB-R, may be useful for searching the candidate genes responsible for CDDP-resistance and for further study to understand the mechanism of CDDP-resistance.
Introduction
The development of resistance to anti-tumor drugs appears to be a major impediment to the successful chemotherapy of human carcinoma. Cisplatin or cis-Diamminedichloroplatinum (II) (CDDP) is one of the platinum analogues and the first choice among anti-tumor agents for the chemotherapy of many malignancies (1) (2) (3) (4) (5) (6) (7) . The mechanism of cisplatin anticancer activity is believed to be the binding to DNA, interfering in the cell repair mechanism, eventually leading to cell death (7) . However, its effectiveness in the treatment of oral SCC is limited because of acquired or intrinsic resistance (8, 9) . Regardless of the temporal efficacy of CDDP, tumor recurrence often occurs after chemotherapy.
Although the mechanism of resistance to CDDP is still unclear, one of the possible mechanisms is that the alteration in plasma membrane proteins reduces the accumulation of the drug within tumor cells (10) . Multidrug resistance (MDR) genes encode cell surface phospho-glycoproteins, responsible for broad-spectrum resistance to chemotherapy, and belong to the ATP-binding cassette (ABC) family, a superfamily of energy-dependent transporter proteins that have ATP-binding sites (11) . Up-regulation of MDR genes (MDR1, MRP1, and MRP2) decreases the intracellular accumulation of CDDP (12) (13) (14) (15) , and is also believed to increase the intracellular levels of thiol-containing molecules (glutathione and metallothionein), which are necessary for exporting CDDP by an ATP-dependent pump from tumor cells (16) , and to enhance DNA repair (17) .
For the purpose of understanding the drug resistance well, establishing cultured cell lines resistant to anticancer drugs is primarily necessary. A variety of tissue culture systems have been established to study the biochemical, physiologic, and genetic bases of alterations that result in the development of multidrug resistance. These systems include CDDP-resistant cells, which were derived from KB cells (18) .
In the present study, we established the CDDP-resistant KB-R cell line from the oral carcinoma KB cell line, which is sensitive to CDDP, by stepwise dose escalation of CDDP, and investigated the differential gene expression profiles between these CDDP-sensitive and CDDP-resistant cell lines by microarray analysis and real-time quantitative reverse transcriptase-polymerase chain reaction.
Materials and methods
Cell lines. Human oral carcinoma KB cells were cultured in Dulbecco's modified Eagle's medium (DMEM; Nissui, Tokyo, Japan) supplemented with 10% fetal bovine serum (FBS; Equitech-Bio, Inc., USA), 100 units/ml penicillin, and 100 μg/ml streptomycin (Gibco BRL, Grand Island, NY) in a highly humidified atmosphere of 5% CO 2 at 37˚C.
According to previously described methods (19) , CDDP resistant sub-lines were established by repeated subcultures in the presence of increasing concentrations (0.1 μg/ml, 0.2 μg/ml, 0.4 μg/ml, and 0.5 μg/ml) of CDDP (kindly provided by Nippon Kayaku Corp. Tokyo, Japan). One of the strongest CDDP-resistant sub-lines was named KB-R, which is fully resistant to CDDP and could grow exponentially in the presence of 0.5 μg/ml CDDP. KB-R showed no loss of resistance even after 2-month culture in drug-free medium. Total RNA was obtained from KB cultured without CDDP, whereas it was obtained from KB-R cultured with 0.5 μg/ml of CDDP.
MTT [3-(4,5- 
assay. Proliferation rates were determined by measuring the uptake of tritium thymidine in triplicate by MTT assay (20) . Cells (2x10 3 ) were seeded in each well of a 96-well plate (Falcon; Becton Dickinson Labware, Lincoln Park, NJ, USA) in DMEM containing 10% FBS. After 24 h, culture medium was exchanged to DMEM with 10% FBS and several concentrations of CDDP (0.02, 0.04, 0.16, 0.32, 0.62, 1.25, 2.5, 5, and 10 μg/ml). After incubation for 24 h, medium was exchanged to CDDP-free DMEM, and the cells were incubated for 72 h. Thereafter, the number of cells was quantified by using an MTT cell growth assay kit (Funakoshi, Tokyo, Japan). Briefly, 10 μl of MTT solution was added to each well, and the cells were incubated for a further 4 h. According to the procedure described by Mosmann (21) , acid isopropyl alcohol was added to each well as solvent, and then scanning at 550 and 630 nm was performed with Microplate Reader MTP300 (Corona, Tokyo, Japan). Six wells were used for each drug concentration and the experiment was replicated 3 times. The 50% inhibitory concentration (IC50) was calculated from the survival curve.
Microarray analysis. Total RNA was isolated from KB cells and KB-R cells by the Trizol method (Invitrogen Corp., Carlsbad, CA, USA) according to the manufacturer's instructions. Double-stranded cDNA was synthesized from 20 μg of total RNA using Ready-to-GO You-Prime first-strand beads (Amersham Biosciences, Little Chalfont, Buckinghamshire, UK) and Oligo(dT) primer (Sigma Genosys, Ishikari, Japan). After phenol/chloroform extraction and ethanol precipitation, a biotin-labeled in vitro transcription reaction was carried out using the cDNA template (Enzo Bioarray, Farmingdale, NY). cRNA (7 μg) was fragmented according to Affymetrix protocols and added to the recommended hybridization mixture. Expression profiles were created using the Human Genome U133 Plus 2.0 arrays containing 54,120 probe sets (Affymetrix). Arrays were stained with phycoerythrin-streptavidin, and the signal intensity was amplified by treatment with a biotin-conjugated anti-streptavidin antibody followed by a second staining with phycoerythrin-streptavidin. Arrays stained a second time were scanned using the Affymetrix GeneChip Scanner 3000 (Affymetrix). GeneChip analysis was performed based on the Affymetrix GeneChip Manual (Affymetrix Inc., Santa Clara, CA) with Microarray Analysis Suite (MAS) 5.0, Data Mining Tool (DMT) 2.0, and microarray database software. All of the genes represented on the GeneChip were globally normalized and scaled to a signal intensity of 500. The Microarray Analysis Suite software used the Wilcoxon's test to generate detected (present or absent) calls, and used the calls to statistically determine whether a transcript was expressed or not. After being filtered through a 'present' call (p<0.05), expression data were analyzed using GeneChip Operating Software 1.1 (Affymetrix) and GeneSpring 6.1 (Silicon Genetics, Redwood City, CA). Fold changes were calculated by comparing transcripts between parents and cisplatin-resistant cell lines.
Analysis of mRNA expression of ABC transporter genes.
The expression status of ATP binding cassette (ABC) transporter genes, which belong to multi-drug resistance genes, was confirmed by reverse transcriptase-polymerase chain reaction (RT-PCR) and real-time PCR. cDNA was generated from total RNA extracted from KB and KB-R cells by SuperScript II RT. RT-PCR quantification was used to verify the microarray data. PCR was carried out in a final volume of 10 μl that contained 1X LA-PCR buffer (Takara, Shiga, Japan), 2 μM of each primer (Table I) , 200 μM of each dNTP, 1.0 μg template cDNA and 0.01 unit of LA-Taq DNA polymerase (Takara). Real-time PCR was performed using a LightCycler FastStart DNA Master SYBR-Green I kit (Roche, Diagnostics GmbH, Mannheim, Germany), according to the procedure provided by the manufacturer. Oligonucleotides used as primers and Table I . Primer pairs and amplification conditions for RT-PCR analysis.
the predicted sizes of amplified PCR products are listed in Table I . Using LightCycler apparatus, we carried out PCR reactions in a final volume of 20 μl of a reaction mixture consisting of 2 μl of FirstStart DNA Master SYBR-Green I mix, 3 mM MgCl 2 , and 1 μl of the primers according to the manufacturer's instructions. Subsequently, the reaction mixture was loaded into glass capillary tubes and subjected to initial denaturation at 95˚C for 10 min, followed by 25 to 35 rounds of amplification at 95˚C (10 sec) for denaturation, 62˚C (10 sec) for annealing, and 72˚C for extension, with a temperature slope of 20˚C/sec, performed in the LightCycler. The transcript amount for the genes differentially expressed in the microarray analysis was estimated from the respective standard curves and normalized to the glyceraldehyde-3-phosphate dehydrogenase (GAPDH) transcript amount determined in corresponding samples.
Network and gene ontology analysis. Under the criteria combining P calls and fold changes, which suggested that a mean enhancement in expression level by at least five-fold or more in the CDDP-resistant cell line, KB-R, compared to the CDDP-sensitive cell line, KB, in GeneChip analysis by GeneSpring 6.1 data mining software (Silicon Genetics, Redwood City, CA), the significantly altered genes were selected and used for the network generation and pathway analysis. Gene accession numbers and mRNA expression values were imported into the IPA software. The genes were categorized based on molecular functions using the software. The identified genes also were mapped to genetic networks in the IPA database and ranked by score. The score reflects the probability that a collection of genes equal to or greater than the number in a network could be achieved by chance alone. A score of 3 indicates that there is a 1/1,000 chance that the focus genes in a network are there by random chance. Therefore, scores of 3 or higher have a 99.9% confidence level of not having been generated by random chance alone. This score was used as the cut-off for identifying gene networks. Additionally, gene ontology analysis was performed using the IPA tool.
Results

Cell growth and MTT assay.
The morphology and the growth curves of KB and KB-R cells are shown in Fig. 1 and there is no significant difference between those cells. The sensitivity of KB and KB-R to various concentrations of CDDP was determined by MTT assay and the 50% inhibitory concentration (IC 50 ) values for the KB and KB-R cells were 0.65 μg/ ml and 3.7 μg/ml, respectively (Fig. 2) . The resistance of KB-R to CDDP was 5.5-fold greater than that of KB.
Microarray analysis of KB and KB-R cells.
The gene expression profiles of KB and KB-R cells were analyzed using the high-throughput microarray, which contains 54,675 oligonucleotide-based probe sets. The results of microarray analysis showed that the expression levels of 1,718 genes were elevated at least five-fold or more in KB-R, compared with KB.
Evaluation of the expression of ABC transporter genes by RT-PCR and real-time qRT-PCR analysis.
We examined MDR1, MRP1 and MRP2 genes as ABC transporters associated with CDDP-resistance (14) (15) (16) (17) . According to our microarray data, these ABC transporters were not indicated to elevate at least five-fold or more in KB-R, compared with KB. The results of the quantitative assessment of expression of these ABC transporters are shown in Fig. 3 . The differing expression of MDR1, MRP1, and MRP2 genes was clearly indicated by RT-PCR and real-time qRT-PCR between KB and KB-R. MRP1 and MRP2 were up-regulated, whereas MDR1 was down-regulated in KB-R, compared with KB.
Network and gene ontology analysis. We carried out genetic network analysis of the 1,718 genes with elevated expression of at least five-fold or more in KB-R in GeneChip results using the IPA tool. Of these, 105 genes formed three significant networks. These networks indicated functional relationships between gene products based on known interactions in the literature. The IPA tool then revealed that these networks were associated with development, movement, and morphology (Table II) . Each network was characterized by different functions. They were merged via overlapping genes (Fig. 4) . These results were directly correlated with the intensity of the node color (red) which indicated the degree of up-regulation of focus genes in KB-R compared to KB by microarray analysis Table II . Three networks formed by overexpressed genes in KB-R cells.
-----------------------------------------------------------------------------------------------------Genetic components in ingenuity networks
Functions Score F2, F8, F11, FPRL1, GLI2, HOXD3, IGF2, IGFBP3, IL8, JAG1 , Fig. 4 . Gene ontology analysis also was performed using the IPA tool. A total of 72 functions were identified as high level functions and the top 20 of the 72 functions are tabulated in Table III . 'Cell-to-cell signaling and interaction' function had the highest P value (P=1.67e-6 to 3.53e-2). Furthermore, to investigate the network of 144 'cell-to-cell signaling and interaction'-related genes, we performed network analysis. Consequently, we identified one network (Fig. 5) that included 35 'cell-to-cell signaling and interaction'-related genes.
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Discussion
Platinum analogues are key anticancer agents used in the chemotherapy of solid tumors, such as ovary (1), advanced bladder carcinoma (2), testis (3), head and neck carcinoma (4-6), and lung carcinoma (7) . Cisplatin (CDDP) is one of the platinum analogues and the mechanism of CDDP anti-cancer activity is believed to be the binding to DNA, interfering in the cell repair mechanism, eventually leading to cell death (7) . However, the effectiveness of CDDP in the treatment of cancer is limited because of acquired or intrinsic resistance (8, 9) . Though several mechanisms of resistance to CDDP have been investigated, there is no mechanism completely to elucidate the clinical response to CDDP-therapy. CDDPresistant cells are indispensable for the investigation of the mechanisms of the CDDP-resistance and several cell lines that are resistant to CDDP have been established (8, (22) (23) (24) (25) (26) .
In the present study, we established CDDP-resistant cell line, KB-R, from parent cell line, KB, which was derived from oral carcinoma. KB-R cells indicated strong resistance to CDDP, compared with KB cells. Although several cell lines have been reported to have 2.5-to 4-fold resistance, KB-R showed 5.5-fold strong resistance to CDDP. MDR1, MRP1 and MRP2 genes are well known as ABC transporters associated with CDDP-resistance (14) (15) (16) (17) . In KB-R cells, these ABC transporters were not indicated to elevate at least five-fold, compared with KB. Moreover, MDR1 was down-regulated in KB-R, though MRP1 and MRP2 were up-regulated. Therefore, the strong CDDP-resistance of KB-R cells is not able to be elucidated only by ABC transporter gene function. Many other factors are sure to contribute to the CDDP-resistance in KB-R cells.
The use of microarray analysis enables the evaluation of a large number of genes and may identify potential target genes responsible for resistance and response to chemotherapy. The high-throughput microarray identified 1,718 overexpressed genes in KB-R cells. For the purpose of further identification of the candidate genes responsible for CDDP-resistance, functional network analysis and gene ontology analysis were performed using the IPA tool. Table II and Fig. 4 show that 105 genes formed 3 genetic networks involved in gene expression, tissue development, connective tissue development, cellular development, cellular movement, cell morphology, hematological system development and organismal functions. The top 20 of the 72 functions are tabulated in Table III and the top function was 'cell-to-cell signaling and interaction' with the highest P value (P=1.67e-6 to 3.53e-2). Thirty five of 144 'cell-to-cell signaling and interaction'-related genes formed one network (Fig. 5) . This comprehensive gene expression profiling-assisted pathway analysis provided an appealing approach for effectively identifying candidate genes and pathways involved in CDDP-resistance. These genes may contribute to a basic understanding of the molecular mechanisms of CDDP-resistance and further study will be necessary to reveal the mechanism of CDDP-resistance.
